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Soft Switching Converter Using Current Shaping 
Background of Invention 

1. Field of the Invention 
This invention relates to DC-to-DC converters, DC-to-AC inverters and AC-to-DC converters. 

The major characteristic of this power conversion technique is that primary switching elements switches 
at zero voltage and the secondary rectifiers means have negligible reverse recovery losses. 

2. Description of the Prior Art 

There is a continuing industry demand for increasing power density, which means more power 
transferred in a given volume. A method for increasing the power transfer through the converter is to 



iji 



jj Using prior ar, topologies sucli as forward or flyback, whiol, en*l„y w ^ 

m . high fierpeney opoaoon less effloient s^oUng ^ abated wiih swHchtog elements, whioh 

| ■ ■ torn on when toe is a voUage across a*., are proportional win, Are switobing fteq^noy. ^ jnorease 

L in switohing fleqneney lead* to an inoease in switohing losses and an inorease ta .eyel of 

j J5 electromagnetic interference (EMI) 

IV- 

In order to overcome limitations in switching speeds, the prior art has devised a new family of 
soft transition. TheU.S. patentNos. 5,132,889, 5426,931,5^31,563, 5,434,768 present seve^ methods 
of acconiplishing zero voltage switching across the primary switches. 

Another power loss mechanism is due to the reverse recovery in the output rectifiers. During 
20 switching when a negative polarity voltage is applied to a rectifier that is in conduction, the current 
• through the rectifier will continue to conduct until aU the carriers in the rectifier's junctions are depleted. 
During this period of time the current polarity will reverse the current flowing from the cathode to the 
anode, while the voltage across the diode is still positive from the anode to the cathode. The current 
flowing in reverse through the diode will reach a peak value referred in hterature as fan, Further on, 
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while the rectifiers' junction is depleting the carriers, the rectifier becomes a high impedance device. The 
current through the rectifier will decrease rapidly from frnn level to zero. During the same time the 
negative voltage across the rectifier will build up to high levels. 

During the period of time when there is a negative voltage across the diode and negative current 
is flowing through it, there will be power dissipation in the device. This kind of loss is referred in the 
literature as reverse recovery losses. The reverse recovery loss is proportional with the reverse recovery 
current frrm, the negative voltage across the rectifier and me frequency. 

The reverse recovery current frrm, which is a key component in reverse recovery loss, is a 
function of the type of device, the temperature and the current slope at turn off. The reverse recovery 
characteristics are worse for higher voltage rectifiers. As a result the reverse recovery loss becomes a 
Sj significant loss mechanism for higher output voltage applications. The reverse recovery current frrm is 
K directly dependent on the current slope at turn off. A soft slope reduces the reverse recovery current and 
f 38 3 conse£ l uence ^ reverse recovery loss. To accomplish a very soft slope current at turn off an 

Q inductive element has to be in series with the rectifier. The inductor element will prevent a fast current 
IS Variati0n ^ ^ ^ esence ofan ^tive element in series with the rectifier will increase the negative 
if V ° ltage ^ reCtifier at offi ™ e averse voltage across the rectifier can reach very high levels 
and can exceed the voltage break down of the device, leading to failure. 

RC snubbers or complicated lossless snubbers can be added across the rectifier to reduce the 
reverse recovery loss and the voltage stress on the devices. This leads to complex circuits and this 
20 negatively affects the efficiency and the reliability. As a result of these limitations the high voltage 
converters have to operate at lower frequency in order to reduce the power dissipation associated with 
reverse recovery. 

m Fig. 2A is presented a standard full bridge phase shifted topology. The primary switching 
elements, Ml, M2, M3 and M4 are controlled as depicted in the key waveforms of Fig. 2B. During the 
25 time Ml and M4 are conducting there is a positive voltage at the dot in the secondary winding and the 
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rectifier Dl is conducting. When M4 turns off in the primary winding the current will continue to 
conduct and its path will be through the parasitic capacitance of M3 and M4, discharging the parasitic 
capacitance across M3 to zero and as a result creating zero voltage switching conditions. As a result M3 
will turn on at zero voltage. Further Ml and M3 will be conducting. During this time the primary 
winding of the transformer is shorted and the voltage in the secondary winding is zero. Both Dl and D2 
will conduct during this time. The current through Lo will be split equally between D 1 and D2. 

At the moment when Ml turns off, the current will continue to flow in the primary discharging 
the parasitic capacitance of M2 towards zero. If certain conditions are met, M2 will turn on at zero 
voltage conditions. In any event, when M3 and M2 conduct the polarity will change in the secondary 
winding. The change in polarity will force the current flowing through Lo to flow totally through D2 and 
the rectifier Dl will be reverse biased. Due to the reverse recovery characteristic of Dl the current will 
I*- flowin reverse through Dl until the carriers m j^olion WS d^d. Aft^ ihat th e rectmer m ^1 
!i U . behaVe as a U & ^^ce device. As a function of the current slope through Dl at turn off which 
; R determines the reverse recovery characteristics of Dl, and as a function of the parasitic inductive 
if el6mentS * series D1 > v <>ltege spikes will develop across Dl as shown at 10 in Fig. 2B. This 
j| phenomenon will lead to reverse recovery losses in Dl, when the reverse recovery current and reverse 
voltage will be present on the rectifier. In addition, these large voltage spikes developed across Dl may 
lead to voltage stress, which may exceed the rating of the device. For this reason snubbing circuits may 
have to be employed across Dl, which will increase the power dissipation, increase circuit complexity, 
decrease reliability and decrease power density. The reverse recovery current associated with Dl will 
also create a "temporary short" across the secondary winding, preventing the resonant Iransition across 
M2 from achieving zero voltage switching conditions. The voltage ringing across Dl will also lead to 
increased EML 

The losses associated with the reverse recovery of the output rectifiers are proportionate with the 
frequency. The trend towards miniaturization requires an increase in switching frequency, which will 
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lead to more reverse recovery losses. In order to accomplish miniaturization, higher efficiency is 
necessary to mmimize heat In conclusion we need a topology wherein the reverse recovery losses shall 
be eliminated, in this way allowing an increase in switching frequency without a penalty in efficiency. 

Brief Summary of the Invention 

This invention presents a circuit technique designed to reduce the negative impact of the reverse 
recovery in the rectifiers, while allowing zero voltage switching on the primary switching elements. This 
technique works by forcing the current out of the rectifier before a reverse voltage is applied to it. This 
method operates by shaping the current through the output rectifiers using an additional AC voltage 
source' superimposed on the main AC voltage induced in the secondary winding by the primary winding. 
In this implementation the reverse recovery losses in the rectifiers are totally eliminated, though the 
converter operates in continuous conduction mode. Another major advantage of the proposed circuit is 
the fact that the current reflected in the primary is shaped to a trapezoidal form with a low dUdt during 

© 46 ^ 011 ° f Primary switehei s- This will allow the completion of the resonant transition to zero 
jP-. voltage across the primary switching elements. 

The above and further objects and advantages of the invention will be better understood from the 
following detailed description of at least one preferred embodiment of the invention, taken in 
consideration with the accompanying drawings. 

Brief Description of the Drawings 

Figure 1A is a schematic diagram of a converter utilizing the power transfer methodology of the 
20 invention; 

Figure IB is a timing diagram of the circuit of Fig. 1A; 

Figure 2A is a schematic diagram of a converter wherein a prior art technique is illustrated; 
Figure 2B is a timing diagram of the circuit of Fig. 2A; 
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Figure 3A is a schematic diagram of a specific exemplary embodiment of a converter configured in 
accordance with this invention; 

Figure 3B is a timing diagram of the circuit of Fig. 3A; and 

Figure 4 is a schematic diagram of a further specific embodiment of a converter configured in 
.5 accordance with this invention. 

Detailed Description 

The present invention addresses the goal of eliminating the reverse recovery losses, while 
mamtaining continuous conduction mode in the output choke. The general concept is described in 
m action with Fig. 1 A. It consists in adding an additional AC voltage source, which will generate a low 

1,20 voltage square waveform signal. 

W 
'•4 

ru 



In Fig. 1 A is presented a simplified schematic and in Fig. IB is presented key waveforms for the 
j* ; technology according to this invention. The circuit is based on a typical full bridge phase shifted 
W topology, with an additional low voltage AC source 15 placed in series with a primary winding 16. 

In Fig. IB the conventional control signals for the primary switching elements Ml, M2 M3 and 
St M4 are also depicted. The injected AC voltage will alter the voltage in the secondary of the transformer 
jig as is depicted by the dotted lines in Fig. IB, Vsec. 

During the time wherein Ml and M4 are conducting the voltage induced in the secondary 
winding has a positive polarity at the dot and D 1 is conducting. When M4 ceases to conduct, the injected 
voltage 17 of the source 15 produces a voltage 18 in the secondary winding with a low amplitude and 
20 negative polarity at the dot This will force the current out of Dl and into D2. Without the injected 
voltage 16 the current through Lo would be equally split between Dl and D2. 

At the time when Ml will be turned off and M2 will be turned on, the voltage induced in the 
secondary winding will change polarity, creating a negative voltage at the dot This will not change the 
current flow in the secondary, because D2 is already in full conduction. Without the injected voltage at 
25 this time both Dl and D2 would be in foil conduction and the negative voltage induced in the secondary 
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winding would be applied to Dl leading to reverse recovery current and as a result reverse recovery 
losses. 

In Fig. 3A is presented the implementation circuit The additional injected voltage is 
implemented by using a small additional transformer 20 in series with the primary winding and an 
additional capacitor 22. In Fig. 3B die key waveforms are also depicted. The additional magnetic 
element 20, which has the primary winding in series with the primary winding of the transformer and the 
secondary winding in series with the capacitor 22, accomplishes several tasks. First it creates the AC 
signal in series with the primary winding which forces the output rectifier out of conduction during the 
dead time, before the voltage polarity reverses in the secondary preventing the reverse recovery losses. 
The second effect is the creation of an additional triangular current injected at the connection between 
Ml and M2, ensuring zero voltage switching conditions even at light load. 

%| . Furlhe rmore. in Fig. 4, the di odes Dl and D2 are replaced wito synchronous rectifiers. One of the 

111 

„. fomfetions associated with synchronous rectification is the conduction of the body diode, when the 
|. synchronous rectifier is turned offbefore the voltage polarity changes. In this way the current will flow 
m . lhrou ^ 1 body to** when fte P° larit y ch aoges in the secondary. The reverse recovery characteristics 
| : y of *° bod y to>d* are worse than ultra fast rectifiers. The advantage of a lower voltage drop on the 
rectifier means is offset by the additional reverse recovery losses. This problem will get worse in higher 
voltage applications, larger than 24V, wherein the reverse recovery loss mechanism is the dominant 
rectification loss. In the present invention wherein the reverse recovery losses are eliminated, it is very 
20 beneficial to replace the diodes with synchronous rectifiers. 

The foregoing descriptions of at least one preferred embodiment are exemplary and intended to 
limit the claimed invention. Obvious modifications that do not depart from the spirit and scope of the 
invention as claimed will be apparent to those skilled in the art. 



#$97654 



4 



7 

8 

IP 

•a* 
w 



.ru 



-.a 

| .A 



AttyDMNo. 14609-0003 

I claim: 



1 1. A power conversion circuit having a power transformer, four semiconductor switching elements 

2 connected as a bridge across an input to the power conversion circuit and connected to a primary 

3 winding of the power transformer to reverse current through the primary winding, a split 
secondary winding on the power transformer, a first unidirectional current conducting device 

5 connected from one end of the split secondary winding to an inductor, a second unidirectional 

6 current conducting device connected from a second end of the split secondary winding to the 
inductor, the inductor and a connection to an interconnection between two halves of the split 
secondary winding being connected to an output of the power conversion circuit, an injection 
voltage source connected to the primary winding of the power transformer for applying an 
injection voltage to the primary winding in addition to an input voltage to the primary winding 



ijy via the semiconductor switehing elements connected to a bridge. 



| 2. The power conversion circuit according to claim 1 , wherein the injection voltage source is a 



winding on an injection voltage transformer, said winding being connected in series with said 
primary winding of the power transformer. 



•l!3 

||l 3. The power conversion circuit according to claim 2, wherein the injection voltage transformer has 
2 a further winding connected to a capacitor. 

1 4. The power conversion circuit according to claim 1, wherein the unidirectional current conducting 

2 devices are semiconductor switching devices. 
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